Background: Neck pain is a common problem and different forms of manual therapy are used in its treatment. The purpose of this systematic review was to critically appraise the literature that directly compared manipulation, mobilisation and the Activator instrument for non-specific neck pain.
Background
Neck pain is a common problem [1, 2] and manipulation and mobilisation are commonly used by chiropractors, osteopaths and manipulative physiotherapists to treat this condition [3] [4] [5] [6] [7] . Numerous surveys [8] [9] [10] [11] [12] have shown that the Activator instrument is also widely used within the chiropractic profession for this purpose. Harm from cervical manipulation is unknown, but estimates range from one in 20,000 to five in 10,000,000 [13] . Recent papers [14, 15] have suggested that neck pain patients treated with manipulation are more likely to have adverse reactions as compared to those receiving mobilisation. Di Fabio [16] , based on a literature review, suggested mobilisation should be used as an alternative to cervical manipulation until more definitive information on the benefits and risks of manipulation is known.
Six systematic reviews [2, 13, [17] [18] [19] [20] have assessed the evidence for the effectiveness of cervical spine manipulation and mobilisation in the treatment of non-specific neck pain, but no systematic review has specifically assessed those studies that directly compared cervical mobilisation, manipulation and the Activator instrument. Is there a difference in effectiveness between manipulation, mobilisation and the Activator instrument in patients with non-specific neck pain?
The purpose of this systematic review was to assess the evidence for the direct comparative effectiveness of manipulation, mobilisation and the Activator instrument on nonspecific neck pain.
Methods

Inclusion/exclusion criteria
Only randomised clinical trials (RCTs) in the English language were included. RCTs were selected if at least one of the following outcome measures were used: pain level, cervical spine range of motion, pressure pain threshold, global measurement of improvement, and functional status.
Only studies that directly compared cervical manipulation to mobilisation or the Activator instrument were included. The participants recruited had to have non-specific neck pain. Age of participants or duration of symptoms was not considered. Non-specific neck pain was defined as mechanical pain located anywhere between the occiput and upper thoracic spine and the surrounding muscles. Studies including participants with neck pain due to identified pathology were excluded. Studies of participants with headache as the primary disorder were also excluded. Manipulation was defined as high velocity low amplitude thrust to a spinal segment, mobilisation as a low velocity passive or resisted movement within the limit of segmental range of motion, and Activator manipulation as use of a device that delivered a thrust to the spine without causing cavitation.
Search strategy
The following electronic databases were searched from their inception to October 2005: MEDLINE, MANTIS and CINAHL. The following key words were used: "neck pain", "cervical spine", "manual therapy", "manipulation", "mobilisation/mobilization", "instrument assisted manipulation", and "activator." This initial search strategy was refined using the phrase "cervical manipulation versus mobilisation." These citations were then retrieved and reviewed using the inclusion/exclusion criteria. In addition, the references cited in the papers were then handsearched for appropriate studies. Each primary author from all the studies was used in another search using MEDLINE to make sure any other appropriate papers were not missed.
Quality assessment
Two reviewers independently assessed each selected study for quality of methodology, based on the validated fivepoint Jadad score [21] (Appendix) which ranges from zero to a maximum of five. Where disagreement occurred, the assessment was discussed and consensus reached.
Results
The initial search strategy identified 217 citations. The refined search yielded 29 citations. Four papers met the inclusion criteria with most studies being excluded because they did not directly compare the interventions of interest. A further paper was identified from examining the references of the 29 papers.
Therefore, five studies involving 489 participants met the relevancy criteria and were included in the quality assessment [22] [23] [24] [25] [26] . For a summary of the results see the Table. The scores for the methodological quality of the studies ranged from zero to three out of a possible five points ( Table 1) . Most of the studies were of low methodological quality, with the highest quality study [26] scoring three.
Vernon et al. [22] determined the effect of one session of manipulation or mobilisation on pressure pain threshold. Nine participants with mechanical neck pain of less than three months duration were randomised to a manipulation group (n = five) or a mobilisation group (n = four). The mobilisation group received rotational mobilisation with gentle oscillations into the elastic barrier, while the manipulation group received high velocity low amplitude (HVLA) rotational manipulation. The mean improvement in pressure pain threshold for the manipulation group was 45%, while the mean change for the mobilisation group was zero percent. The difference between the groups was significant (P < 0.0001) suggesting manipulation was superior to mobilisation in reducing point tenderness in the tissues surrounding the cervical manipulable lesion.
Cassidy et al. [23] compared the immediate effect of a single manipulation to a single mobilisation in participants with neck pain. One hundred consecutive participants with mechanical neck pain and radiation into the trapezius muscle were randomised to a manipulation group (n = 52) or mobilisation group (n = 48). Outcome measures used were a numerical rating scale (NRS) for pain intensity and goniometric measurement of cervical range of motion. Cervical manipulation consisted of HVLA thrust in rotation away from the painful side. Mobilisation consisted of postisometric relaxation (PIR) type of muscle energy technique to hypertonic muscles restricting joint motion. The mean NRS score decreased 17.3 points in the manipulation group compared to a decrease of 10.5 points in the mobilisation group. The difference between the groups was significant (P = 0.05). Range of cervical motion was improved in both groups; however, the differences were not significant.
Wood et al. [25] compared the effectiveness of diversified HVLA thrusts to the cervical spine with thrusts delivered with an Activator adjusting instrument. Thirty participants with neck pain and restricted cervical range of motion for at least one month were randomised to the two groups with 15 in each group. The leg length analysis as used by Activator Methods was used to determine cervical manipulable lesions for both groups. Each participant was treated until he or she was symptom-free or had received the maximum of eight treatments over four weeks. The Activator group showed a 26% improvement on the Neck Disability Index (NDI), while the manipulation group had a 17% improvement. The difference was not statistically significant. On the NRS the Activator group had a 30% reduction in pain compared to a 17.5% reduction for the manipulation group. This difference was not statistically significant. For the McGill Short-Form Questionnaire the Activator group had a 24.4% improvement with treatment compared to a 26% improvement for the manipulation group. The difference between the groups was not significant. Change in goniometric measurements between the two groups was not significantly different.
Hurwitz et al. [26] compared manipulation to mobilisation in participants with neck pain in a Health Maintenance Organisation (HMO) in the United States. Three hundred thirty six participants were randomised to the following groups: manipulation with and without heat, manipulation with and without electrical stimulation, mobilisation with and without heat, and mobilisation with and without electrical stimulation. Participants were followed for six months with assessments for pain and disability at two and six weeks, and at three and six months. Mobilisation was low velocity variable amplitude movements applied within the participant's passive range of motion. Manipulation was HVLA with minimal extension or rotation. At the two-week follow-up there were no statistically significant differences between mobilisation and manipulation. For most severe pain there was a mean difference of 0.06 on the NRS in favour of manipulation, a difference in average pain of -0.14 in favour of mobilisation and a difference of 1.03 on the NDI in favour of manipulation. At the six-week follow-up there were no statistically significant differences between mobilisation and manipulation. For most severe pain there was a mean difference of 0.4 on the NRS in favour of manipulation, a difference in average pain of 0.23 in favour of manipulation and a difference of 0.92 on the NDI in favour of manipulation. At three-months the differences between manipulation and mobilisation remained nonsignificant. Most severe pain showed a mean reduction of 0.13 in favour of manipulation. For average pain there was a mean difference of 0.05 in favour of manipulation, for the NDI there was a mean difference of 0.05 in favour of manipulation. At six-months the differences between manipulation and mobilisation remained non-significant. Most severe pain showed a mean reduction of 0.02 in favour of mobilisation. For average pain there was a mean difference of 0.01 in favour of manipulation, for the NDI there was a mean difference of 0.46 in favour of manipulation.
Yurkiw and Mior [24] compared cervical diversified HVLA manipulation to manipulation with an Activator in 14 participants with unilateral mechanical neck pain. Participants were randomised to groups of seven. Outcome measures consisted of the visual analogue scale (VAS) and cervical lateral flexion range of motion determined with a goniometer. Both treatments yielded clinical improvement, but there was no significant difference between the groups. There was a mean difference of 0.037 in favour of the Activator in left lateral flexion and a mean difference of 1.928 in favour of the Activator in right lateral flexion. The mean change in pain between manipulation and Activator was 1.429 in favour of the Activator.
Discussion
An important result of this review is that very few RCTs exist in this area, and that three of the five studies were pilot in character with investigation limited to a single treatment. Methodological quality was low with weaknesses in trial design noted in small sample size, lack of follow-up, lack of control for placebo response, lack of double blinding, and comparability of relevant baseline characteristics. For these reasons a systematic review was conducted and not a meta-analysis.
Manual therapy treatments are difficult to study in a double-blinded manner and studies assessing the relative effectiveness of different manual therapies may have lower scores because blinding cannot be achieved using current designs. This problem is reflected in this review as none of the studies scored points in the criterion for double-blinding. Sarigiovannis and Hollins [2] suggest that RCTs that do not have a placebo group may be inappropriately penalised, as a placebo in manual therapy that has no effect and is believable by the patient is not available at the present. However, they also state that there is evidence to suggest spinal manual therapy has a significant placebo effect.
This was acknowledged in the current review and the included papers were rescored and points were to be potentially allocated if an adequate time restriction on manual therapy (12 months) was used; however, none of the studies fulfilled this requirement. However, the authors of a recent Cochrane Review [17] suggest that modifying a validated scoring tool to assess RCTs in which double-blinding is not possible is not appropriate. Using a validated instrument to assess methodologic quality, that is not modified, ensures acceptable scientific rigour and quality of the evidence.
Only one paper [26] reported on adverse effects from manual therapy. In any decision on the most appropriate therapy to use for neck pain, not only data on effectiveness are necessary but data on risks are necessary as well. Future studies directly comparing mobilisation, manipulation and instrument assisted manipulation should gather data on adverse effects.
Despite the difficulties involved in RCTs in spinal manual therapy, it is suggested that studies of higher methodological quality are possible. Such studies should include a sham intervention to allow for placebo effects. Detuned ultrasound has been used in some studies of manual therapy [27] [28] [29] [30] [31] , and although ultrasound is associated with placebo effects, these may be different from manual therapy, mainly due to the lack of a hands-on approach [27] . However, it is suggested that until such time as a true placebo for manual therapy can be developed this type of sham is important to account for placebo effects. Adequate sample size is important. This should be based on sample-size calculation with sufficient power to avoid type I and type II errors. Participant experience with manual therapy and expectation of results from treatment could be offset, to a certain extent, by recruiting participants that have not had manual therapy treatment within the prior 12 months, and by using a questionnaire before inclusion into the study to determine the participant's level of expectation.
The quality of the written report plays an important role in the assessment of methodological quality. If the paper does not report methodological details adequately, a low score may reflect a poorly written report and not on how the study was carried out. However, report writing is a part of the scientific process and it is felt that this is not a weakness of this current review.
A limitation of this review is that only English language papers were included in the literature search. It is possible that an appropriate paper may have been missed if it was published in another language. Another possible limitation is publication bias. No intense effort was made to identify unpublished research. These studies may have had negative outcomes and would be important in any systematic review of treatment effectiveness. However, the authors agree with Bogduk [32] that the databases used were sufficient for finding good quality articles in this area. Greenhalgh and Peacock [33] suggest that citation tracking is an effective search method for locating papers in obscure journals. Using this method we were able to locate one paper that was not identified using the electronic databases. Give 1 additional point if: For question 1, the method to generate the sequence of randomisation was described and it was appropriate (table of random numbers, computer generated, etc) and/or: If for question 2 the method of double blinding was described and it was appropriate (identical placebo, active placebo, dummy, etc) Deduct 1 point if: For question 1, the method to generate the sequence of randomisation was described and it was inappropriate (participants were allocated alternately, or according to date of birth, hospital number, etc) and/or: For question 2, the study was described as double blind but the method of blinding was inappropriate (e.g. comparison of tablet vs. injection with no double dummy)
